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We study creation of entanglement and quantum steering in a parity-time- (PT -) symmet-
ric cavity magnomechanical system. There is magnetic dipole interaction between the cavity and
photon-magnon, and there is also magnetostrictive interaction which is induced by the phonon-
magnon coupling in this system. By introducing blue-detuned driving microwave field to the sys-
tem, the bipartite entanglement of the system with PT -symmetry is significantly enhanced versus
the case in the conventional cavity magnomechanical systems (loss-loss systems). Moreover, the
one-way quantum steering between magnon-phonon and photon-phonon modes can be obtained in
the unbroken-PT -symmetric regime. The boundary of stability is demonstrated and this show that
the steady-state solutions are more stable in the gain and loss systems. This work opens up a route
to explore the characteristics of quantum entanglement and steering in magnomechanical systems,
which might have potential applications in quantum state engineering and quantum information.
PACS numbers: 03.65.Ta
I. INTRODUCTION
In recent years, cavity magnomechanical system
(CMM system) has attracted extensive attentions in the
cavity quantum electrodynamics. This CMM system
consists of a three dimensional rectangular microwave
cavity and a single-crystal yttrium-iron-garnet (YIG)
sphere inside. Owing the high spin density and the strong
spin-spin exchange interactions, the Kittel mode in the
YIG sphere can achieve strong [1, 2] and even ultrastrong
coupling [3] to the microwave cavity mode. And this
strong coupling can be achieved even at room temper-
ature [4]. On the other hand, the CMM systems are
developed from optomechanical systems [2, 5–10] which
achieve the interaction between phonons and optical or
microwave photons by radiation force or electrostatic
force. While the magnetostrictive force of the YIG sphere
is applied to realize the coupling between phonons and
magnons in the CMM systems. Comparing with the op-
tomechanical systems, the CMM systems have the ad-
vantages of high adjustability and low loss. Therefore, it
provides a good opportunity for realizing highly tunable
information processing in the hybrid quantum systems
[11]. J. Q. You et al. report that the bistability of cav-
ity magnon polaritons [12], G. S. Agarwal et al. show
that the tripartite entanglement among magnons, pho-
tons, and phonons [13]. Besides, the high-order sideband
generation[14], magnon Kerr effect[15], the light trans-
mission in cavity-magnon system [16] and others are also
studied [17–25].
The developments in Parity-time-symmetry (PT -
symmetry) optical structure resulted in the birth of the
new field which attracted considerable interest [26–28].
In the past, people believed that only Hermitian Her-
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mitonian has real eigenvalue spectra, while C. M. Ben-
der et al. have proved that the PT -symmetric non-
Hermitian Hamiltonian ([H,PT ] = 0) can also has real
eigenvalue spectra [27]. Up to present, PT -symmetry
been widely applied to quantum optics, quantum infor-
mation processing, and propagation, including the opti-
cal non-reciprocity in PT -symmetric whispering-gallery
microcavities (WGM) [29], the detection sensitivity of
weak mechanical motion [30], realizing quantum chaos
[31], strengthening optics nonlinearity[32], nonreciprocal
light propagation [33] and so on [34–38]. In addition,
it is difficult to achieve ideal PT -symmetry under the
strict requirements of balanced gain and loss. Here, we
study the non-equilibrium effective PT -symmetric sys-
tem, which works in microwave regime.
In this work, we propose to construct a PT -symmetric
CMM system with the active cavity and passive magnon
modes. The magnetostrictive (radiation pressure like)
interaction mediates the coupling between magnons and
phonons. And the cavity photons and magnons are cou-
pled via magnetic dipole interaction. We show the sta-
bility parameter boundary of the system which is driven
by a blue-detuned microwave field. Here, PT -symmetry
leads to a strong bipartite entanglement among the me-
chanical mode, the optical field inside the gain cavity
and magnon mode, the logarithmic negativity is used
to measure the continuous variable (CV) entanglement
[39]. And the potential feasibility of the experiment is
discussed. G. S. Agarwal et al. first studied the en-
tanglement in CMM system [13], our work is based on
it and consider the enhancement effect of PT -symmetry
on the entanglement. Furthermore, we show that the
PT -symmetry can induce one-way quantum steering be-
tween magnon-phonon and photon-phonon modes. As we
know, the quantum steering is intrinsically different from
quantum entanglement and Bell nonlocality for its asym-
metric characteristics and it has potential applications
in the quantum information protocols, such as device-
2independent quantum key distribution.
The structure of the paper is as follows. In Sec. II,
we introduce the Hamiltonian and dynamical equations
of the whole systems. In Sec. III, the stability of the
system is discussed. In Sec. IV, we show that by in-
troducing PT -symmetry, the entanglement is obviously
enhanced and one-way steering can be obtained. Finally,
a concluding summary is given.
II. MODEL AND DYNAMICAL HAMILTONIAN
We utilize a PT -symmetric CMM system as shown
in Fig. 1(a), which consists of microwave cavity pho-
tons (gain) and magnons (loss). The magnons in the
YIG sphere are collective excitation of magnetization,
and the uniform magnon mode is driven by an adjustable
microwave field. Furthermore, the magnetic dipole inter-
action leads to the coupling between magnon mode and
active cavity mode.
Owing to the magnetostrictive effect, the YIG sphere
can be considered as an excellent mechanical resonator
[11]. Therefore, the term of coupling between magnons
and phonons can be introduced into Hamiltonian of the
system. And the magnetostrictive coupling strength is
determined by the mode overlap between the magnon
and phonon modes. In general, the magnomechanical
coupling is very weak [11]. However, it can be effectively
enhanced by a microwave driving field [12, 13].
The equivalent mode-coupling model is given in Fig.
1(b). The size of the YIG sphere we considered is
much smaller than the wavelength of the microwave field.
Hence, the interaction between microwave cavity pho-
tons and phonons induced by the radiation pressure is
neglected. In a rotating-wave approximation, the Hamil-
tonian of the whole system is given by (~ = 1) [13]
H = ωaa
†a+ ωmm†m+ gma(a†m+m†a)
+
ωb
2
(x2 + p2) + gmbm
†mx (1)
+iεd(m
†e−iωdt −meiωdt),
where a(a†) and m(m†) are the annihilation(creation)
operators of the cavity mode and the uniform magnon
mode at the frequency ωa and ωm, respectively ([O,O
†] =
1, O = a,m). The magnon frequency ωm can be eas-
ily adjusted by altering the external bias magnetic field
H via ωm = γgH , where γg is the gyromagnetic ratio
(γ/2pi = 28GHz/T ). x and p are the dimensionless posi-
tion and momentum quadrature of the mechanical mode
with the frequency ωb ([x, p] = 1). The coupling rate of
the magnon-cavity interaction is gma and ωd is frequency
of driven field. Here, the Hamiltonian in Eq.(1) does not
include the gain.
Under the assumption of the low-lying excitations, the
Rabi frequency εd is
√
5
4 γg
√
NtB0, and it denotes the cou-
cavity mode magnon mode mechanical mode
a m b
gma gmb
κa κm γb
( )a
( )b
FIG. 1. (a) Schematic illustration of the system, a YIG sphere
is placed in a three-dimensional cavity, and it is connected
with the inner wall of the cavity by a silicon fiber. The port
is for driving the YIG sphere via a microwave field. A bias
magnetic field H along the z-axis is used to realize magnon-
photon coupling by magnetic dipole interaction. It is worth
mentioning that the directions of the bias magnetic field, the
drive field, and the magnetic field of the cavity mode are per-
pendicular to each other. (b) The equivalent mode-coupling
model.
pling strength between the magnon mode and the driv-
ing field with the amplitude B0. The total number of
the spins Nt is given by ρV , where the spin density ρ =
4.22× 1027m−3, and V is the volume of the YIG sphere.
After a rotating frame at the frequency ωd of the
above Hamiltonian, one derives the following set of the
Heisenberg-Langevin equations:
a˙ = (−i∆a + κa)a− igmam+
√
2κaa
in,
m˙ = (−i∆m − κm)m− igmaa− igmbmx+ εd +
√
2κmm
in,
x˙ = ωbp, (2)
p˙ = −ωbx− γbp− gmbm†m+ ξ,
where the detuning ∆a(m) = ωa(m) − ωd, κa is the
gain rate of the cavity mode, κm and γb are the dissi-
pation rates of magnon and mechanical modes, respec-
tively. ain,min and ξ are input noise operators of cav-
ity, magnon and mechanical modes. With a Marko-
vian approximation, the input noise correlation func-
tions are shown as:
〈
ain(t)ain†(t′)
〉
= (na + 1)δ(t − t′),〈
ain†(t)ain(t′)
〉
= naδ(t− t′),
〈
min(t)min†(t′)
〉
= (nm +
1)δ(t− t′), 〈min†(t)min(t′)〉 = nmδ(t− t′), 〈ξ(t)ξ†(t′)〉 =
(nb + 1)δ(t − t′) and
〈
ξ†(t)ξ(t′)
〉
= nbδ(t − t′). Here,
nµ = (e
~ωµ/kBT − 1)(µ = a,m, b) with kB the Boltz-
mann constant and T the environmental temperature,
and these nµ are equilibrium mean thermal photon,
magnon, and phonon numbers, respectively.
In order to better understand the broken PT -
symmetry regimes and the unbroken PT -symmetry
3regimes of this system, we only focus on the cavity and
magnon modes. And the driving field in Eq.(1) can be
neglected as the same reason in [29]. By the PT opera-
tion, the Hamiltonian can be described by a second-order
matrix, i.e.,
HPT = PT HPT = (aˆ† mˆ†)
(
∆m + iκm gma
gma ∆a − iκa
)
(aˆ mˆ)T ,
(3)
where the parity operation P acting on the Hamilto-
nian can interchange the loss and gain of the cavity and
magnon modes, i.e., aˆ ⇐⇒ −mˆ and aˆ† ⇐⇒ −mˆ†.And
the time reversal operation T on H can reverse the sign
of complex number i. After setting ∆a = ∆m = ∆,
the eigenfrequencies of the Hamiltonian in Eq.(3) can be
written as
ω± = −∆− i(κm − κa)/2±
√
g2ma − (κa + κm)2/4. (4)
In order to make the Hamiltonian be PT -symmetry,
the eigenfrequencies should be real. According to Eq.(4),
with the the condition: ∆a = ∆m = ∆, 2gma > κa + κm
and κm = κa, we have H
PT = H and [H,PT ] = 0,
that is to say, this Hamiltonian is strictly in unbroken
PT -symmetry regime. Correspondingly, the broken-PT -
symmetry regime holds for the case of 2gma < κa + κm.
In addition, the phase transition between the broken-
PT -symmetry and unbroken PT -symmetry regimes, i.e.,
2gma = κa + κm is exceptional point (EP).
It is worth noting that under the condition of non-
equilibrium (κm 6= κa), even if the eigenvalues of the
system are complex, the system still has phase transi-
tion, and phase transformation point remains unchanged.
Actually, choosing appropriate reference frame, the non-
equilibrium system is an effective PT -symmetric system.
Physically, this system can be considered as a strict PT -
symmetric system coupled to an effective reservoir with
decay rate κm − κa. A lot of work have adopted the
effective PT -symmetric systems[21, 26, 40].
Next, the values of the specific parameters used in
this work are given and they are easy to be achieved
in experiments [11, 12]. In our discussion, ωa/2pi =
ωm/2pi = 10.1GHz, ωb/2pi = 10MHz, γb/2pi = 10Hz,
gmb/2pi = 0.2Hz, κm = 1MHz, and the temperature is
20mK.
III. STABILITY OF SYSTEM
In this section, in order to quantify the entanglement
of this system, an important condition is the existence of
asymptotic steady state and system will keep the state
for a long evolution time. Hence, we discuss the stability
of the steady-state solutions.
Because the magnon mode is directly driven by a
strong microwave source, it leads to a large number of
magnons |〈m〉| ≫ 1 at the steady state. And according
to the cavity-magnon beam splitter interaction in Eq.(4),
the cavity field has a large amplitude |〈a〉| ≫ 1. There-
fore, each Heisenberg operator can rewritten as a sum of
its steady-state mean value and its corresponding quan-
tum fluctuation, i.e., O(t) = Os + δO(t) (O = a,m, x, p).
Then we study the stability of the system through a lin-
ear stability analysis [41]. From the Heisenberg-Langevin
equations in Eq.(2), the dynamical equation of the quan-
tum fluctuation is written by a compact equation, i.e.,
ν˙(t) =Mν(t) + r(t), (5)
where v(t) is the vector of the quantum fluctuations,
and r(t) is the noise vector. They can be expressed
as v(t) = [δa(t), δa†(t), δm(t), δm†(t), δx(t), δp(t)]T
and r(t) = [
√
2κaδa
in(t),
√
2κaδa
in†(t),
√
2κmδm
in(t),√
2κmδm
in†(t), 0, ξ(t)]T , respectively. The matrix M is
the coefficient matrix of the system, which reflects the
stability or stochastic property of the system. Here, M
can be obtained as


−i∆a + κa 0 −igma 0 0 0
0 i∆a + κa 0 igma 0 0
−igma 0 −i∆˜m − κm 0 −iG 0
0 igma 0 i∆˜m − κm iG 0
0 0 0 0 0 ωb
0 0 −G −G −ωb −γb


,
(6)
where G = gmb |ms| is the coherent-driving-enhanced
magnomechanical coupling strength, ms can be obtained
by solving the steady-state mean value of Eq.(2), i.e.,
ms =
εd(i∆a − κa)
g2ma + (i∆a − κa)(i∆˜m + κm)
, (7)
where ∆˜m = ∆m + gmb |qs| is the effective magnon-drive
detuning.
The stability analysis of the system can be done ac-
cording to the eigenvalues of the matrixM , it can be seen
that the matrix M has three pairs of conjugate eigenval-
ues. And the real parts of the eigenvalues are known as
the Lyapunov exponents [42], if the maximal Lyapunov
exponent is negative, the system is stable. Contrarily,
the maximal Lyapunov exponent is positive indicates the
system is unstable [43, 44].
In Figs.2 (a), (b) and (c), the boundary of linear sta-
bility is shown. The light area indicates that the maxi-
mal Lyapunov exponent is negative, in other words, the
system is stable. The remaining dark area indicates
that the system is unstable. Here, we use κa > 0 and
κa < 0 to represent the active-passive CMM system and
the conventional CMM system, respectively. Comparison
of Figs.2(a) and 2(b), the stable area of (b) κa = 0.2κm
is obviously larger than that of (a) κa = −0.2κm. It
means that the stability of active-passive CMM system
4FIG. 2. (a), (b) and (c) The boundary of linear stability.
The light(dark) areas stands for the evolution of the system
is unstable(stable). (a) The conventional CMM system κa =
−0.2κm; (b) the active-passive CMM system κa = 0.2κm. (c)
The stability boundary as the system closer to the balanced
gain and loss limit. gma = 0.5ωb. (d) The maximal Lyapunov
exponent as function of the ratio of gma/G (G is fixed) G =
0.4ωb, κa = 0.2κm. The parameters we used are ωb/2pi =
10MHz, ∆a = ∆˜m = −ωb, κm = 0.1ωb.
(κa > 0) is better than that of the conventional CMM
system (κa < 0) within the range of parameters we con-
sidered. Then from Fig.2(c), it can be conclude that
the stability of the active-passive CMM system decreases
with the system approaches the gain-loss balance. Fi-
nally, it can be seen that the stability can be improved
by the increase of gma in the active-passive CMM system
in Fig.2(d).
When the active-passive CMM system is in the EP or
broken PT -symmetry regime, in order to get a stable
system, G needs to be small enough compared to gma,
which leads to a very weak entanglement (it will be dis-
cussed in detail in the next section). As a consequence,
we only focus on the stability of unbroken PT -symmetry
regime in this section.
IV. ENTANGLEMENT AND STEERING
Here, we choose the logarithmic negativity EN
to measure the bipartite entanglements of the
system [39]. EN can be computed by the quan-
tum fluctuations of the system’s quadratures [45].
Then the quadratures of the quantum fluctua-
tions are introduced, the vector of quadratures
is given by u(t) = [δX1, δX2, δY1, δY2, δx, δp]
T
and the vector of noise is n(t) =
[
√
2κaX
in
1 (t),
√
2κaX
in
2 (t),
√
2κmy
in
1 (t),
√
2κmy
in
2 (t), 0, ξ(t)]
T ,
where δX1 = (δa + δa
†)/
√
2, δX2 = i(δa
† − δa)/√2,
δY1 = (δm + δm
†)/
√
2and δY2 = i(δm
† − δm)/√2.
Similarly, the input noise quadratures are defined in the
same way.
Eq.(2) can be written in a compact form u˙(t) = Aν(t)+
n(t), where the correlation matrix
A =


κa ∆a 0 gma 0 0
−∆a κa −gma 0 0 0
0 gma −κm ∆˜m −G 0
−gma 0 −∆˜m −κm 0 0
0 0 0 0 0 ωb
0 0 0 G −ωb −γb


. (8)
Due to the dynamics of the system is linearized and
the input noise operators ξ, min and ain are Gaussian
noise, the steady-state of the quantum fluctuations is a
continuous variable (CV) three-mode Gaussian state. It
can be obtained by a 6×6 steady-state covariance matrix
(CM) V , which can be solved by the Lyapunov equation,
i.e., [45]
AV + V AT = −D, (9)
where the elements of the diffusion matrix D are defined
by δ(t − t′)Di,j =
〈
ni(t)nj(t
′
) + nj(t
′
)ni(t)
〉
/2. From
the input noise correlation functions, one obtains D =
diag[κa(2na+1), κa(2na+1), κm(2nm+1), κm(2nm+1),
0, γb(2nb + 1)].
In the CV case, EN can be defined as
EN = max[0,− ln 2η−], (10)
where η− = 2−1/2{Σ(V )− [Σ(V )2−4 detVs]1/2}1/2, with
Σ(V ) = detA + detB − 2 detC. Here, Vs is a reduced
4 × 4 submatrix for the covariance matrix (CM). And
the matrix elements of Vs depend on the pairwise entan-
glement of two interesting modes (the photon-magnon,
magnon-phonon and photon-phonon modes), it can be
rewritten as
V =
(
A C
CT B
)
. (11)
As we know, the quantum steering is different from
the entanglement for it has asymmetric characteristics
between the parties. For the Gaussian states of the two
interesting modes, a Gaussian quantum steering based on
the form of quantum coherent information is introduced
[46]. Here, the χ1 → χ2 steering is given by
Sχ1→χ2 = max[0,
1
2
ln
detA
4 detVs
], (12)
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FIG. 3. (a), (b) and (c) The entanglements EN ,am, EN ,bm
and EN ,ab as functions of the effective coupling rates G.
The blue dotted line denotes the case of κa = 0.2κm (the
PT -symmetry CMM system) and the red solid line denotes
the case of κa = −0.2κm (the conventional CMM system).
(d) The entanglements EN ,am as function of the ratio of
κa/κm(κm is fixed). We set gma = ωb, the other parame-
ters we chose are the same as those in Fig.2
where χ1 and χ2 stand for two interesting modes. A
corresponding measure of Gaussian χ2 → χ1 steerability
can be obtained by swapping χ1 and χ2, which can be
expressed as
Sχ2→χ1 = max[0,
1
2
ln
detB
4 detVs
]. (13)
From Fig. 3(a), (b) and (c), the bipartite entangle-
ments EN ,am, EN ,bm and EN ,ab are significantly en-
hanced by PT -symmetry compared to what is generated
in a conventional CMM system, where EN ,am, EN ,bm
and EN ,ab denote the cavity-magnon, magnon-phonon,
and cavity-phonon entanglement. From Fig. 3(a), we
find that with the introduction of the magnomechanical
interaction, the directly coupled photons and magnons
begin to entangle. In Fig. 3(b), it can be seen that the en-
tanglement EN ,bm in the conventional CMM system is 0.
The reason is that the magnon mode driven by the blue-
detuning can not cause the anti-Stokes process, which
cools the mechanical mode. That is to say, the phonons
cannot be cooled by the magnomechanical interaction in
the conventional CMM system, thus it hinders the gen-
eration of entanglement. However, for PT -symmetric
CMM system we considered, the red-detuning driving
field lead to the instability of the system. Hence, the case
of blue-detuning is chosen and the strong entanglement
can still be obtained in unbroken PT -symmetry regime.
Fig. 3(d) shows EN ,am versus gma in the active-passive
CMM system. The black vertical dotted line represents
EP, which corresponds to gma = (κa + κm)/2 = 0.06ωb.
FIG. 4. Density plot of the bipartite entanglement (a) EN ,am,
(b) EN ,bm and (c) EN ,ab versus the detuning ∆ and the ratio
of G/gma (gma is fixed). (d) Density plot of the bipartite
entanglement EN ,am versus G/gma (gma is fixed) and κa/κm
(κm is fixed). The parameters are κa = 0.2κm, gma = ωb,
and the other parameters we chose are the same as those in
Fig.2.
The entanglement occurs in the unbroken PT -symmetry
regime, and there is no entanglement in EP and bro-
ken PT -symmetry regime. In order to make the system
stable, we set G = 0.03ωb, which leads to a very weak
entanglement. In addition, the areas without solid blue
lines represent that the system has no steady state.
In this work, all the results satisfy the stability con-
ditions mentioned in the previous section. The effective
magnomechanical coupling G = 4MHz corresponding
to the drive power 27.7mW, at the drive magnetic field
B0 ≈ 6.88 × 10−5 and gmb = 0.4Hz [13]. For this sys-
tem, G can be changed by adjusting the the drive power.
In addition, we set G > κm to ensure that unwanted
magnon Kerr effect can be neglected in a strong magnon
driving field [12, 15].
In Fig. 4(a), (b) and (c), we exhibit three bipartite
entanglements EN ,am, EN ,bm and EN ,ab vary with the
detunings ∆ and the ratio of G/gma. As G increases,
the bipartite entanglements EN ,am, EN ,bm and EN ,ab
all increases. It can be clearly found that with the en-
hancement of magnomechanical interaction, the indirect
photon-phonon coupling caused by magnons will also
generate entanglement, and the entanglement caused by
indirect coupling is larger than that caused by direct cou-
pling, it is as mentioned in [13]. In addition, it shows that
around ∆ ≈ −ωb, the detuning is resonant with the me-
chanical sideband, the maximum entanglement EN ,am
can be obtained. From Fig. 4(d), it shows the entangle-
ment EN ,am is enhanced as the system approaches the
gain-loss balance.
Fig. 5 displays the effect of PT -symmetry on the
Gaussian quantum steering. We find that the one-way
quantum steering is obtained by introducing the PT -
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FIG. 5. The quantum steerings Sm→b and Sa→b as functions
of the effective coupling rates G. The black solid line (dotted
line) denotes Sm→b in the PT -symmetric CMM system (con-
ventional CMM system), and the red solid line (dotted line)
denotes Sa→b in the PT -symmetric CMM system (conven-
tional CMM system). We set gma = ωb and κa = ±0.2κm,
the other parameters we selected are the same as those in
Fig.2
symmetry. For the conventional CMM system, there is
no quantum steering. When the system is in unbroken
PT -symmetry regime and the driving field is adjusted to
make G meet the required condition, there exist entan-
gled states which arem→ b and a→ b one-way steerable.
It is not shown in Fig. 5 that Sb→m and Sb→a are both
zero under different G. The one-way quantum steering
indicates that Bob can convince Alice that the shared
state is entangled, while the converse is not true. Its ap-
plication is that it provides one-side device independent
quantum key distribution (QKD), where the measure-
ment apparatus of one party only is untrusted, and it is
has been experimentally observed [47, 48].
It is important to discuss the influence of thermal noise
on the entanglement for the quantum devices. Fig. 6
shows the robustness of the entanglement and steering
against the temperature, we have plotted the entangle-
ment and steering as the functions of the temperature
T . In Fig. 6(a), both the entanglement and steering are
discussed in unbroken PT -symmetry regime, it can be
seen that the robustness of EN ,am is better than that of
EN ,bm and EN ,ab, and it survives up to 180mK. The ro-
bustness of steering Sm→b and Sm→b are similar to that
of EN ,bm, and they all survive up to about 40mK. Then
we show PT -symmetry enhances the robustness of en-
tanglement in Fig. 6(b), the maximum temperature of
entanglement EN ,am is increased from about 147mK to
190mK.
Before ending this section, the experimental implemen-
tation is discussed. In this PT -symmetric cavity mag-
nomechanical system, the magnon-drive detuning can be
adjusted not only by changing the frequency of the mi-
crowave driving field, but also by the frequency of the
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FIG. 6. (a) The entanglements EN ,am, EN ,bm, EN ,ab and
steering Sm→b, Sa→b as functions of the temperature T , κa =
0.2κm. (b) The entanglements EN ,am as functions of the
temperature T . The blue (red) solid line denotes the case
of PT -symmetric CMM system κa = 0.2κm (conventional
CMM system κa = −0.2κm). We set gma = ωb, the other
parameters we selected are the same as those in Fig.2
uniform magnon mode, which is modulated by an ad-
justable bias magnetic field H in the range of 0 to 1T
[15]. And the magnon-photon coupling can be well tuned
by adjusting the bias magnetic field [49]. In addition, be-
cause of the material characteristics of microwave cavity,
we assume that the active cavity mode can be construct
by doping the active metamaterials with inherent enhanc-
ing into the cavtiy. And the assumption is based on two
existing work: (1) the PT -symmetric whispering-gallery
microcavities are achieved in the experiment [29]. (2) a
system can realize the acoustic gain by nonlinear active
acoustic metamaterials [50]. For the quantum system we
considered, the bipartite entanglement can be obtained
by measuring the cavity field quadratures. The cavity
field quadratures can be measured directly by homodyn-
ing the cavity output, and the magnon state can be mea-
sured indirectly by homodyning the cavity output of a
introduced probe field. Moreover, we can used an addi-
tional optical cavity to couple the YIG sphere, so that
the mechanical quadratures can be read out [13, 51].
V. CONCLUSIONS
In summary, we have investigated the enhancement
of the bipartite entanglement in a PT -symmetric CMM
system. By calculating linear stability of the system,
we find that the stability of the system decreases with
the system approaches the gain-loss balance. Compared
with the cases of broken PT -symmetry and conventional
7CMM systems, the unbroken PT -symmetric system is
more stable in the range of parameters we consider. Then
we show that the bipartite entanglement and the robust-
ness of entanglement against environmental temperature
are obviously enhanced by PT -symmetry through com-
parison of the conventional CMM system. By selecting
appropriate driving field, one-way quantum steering be-
tween magnon-phonon and photon-phonon modes can be
observed by introducing PT -symmetry. The experimen-
tal implementation is also discussed. We believe that the
proposed scheme provides a method for the entanglement
generation and the control of quantum steering in present
cavity optomechanics and it has potential applications in
quantum optical devices and quantum information net-
works.
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